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Commercialization of New Materials
in Consumer Goods.

Scientific curiosity and serendipity coupled with an organized research approach is
resulting in a continuous discovery of new materials. Material scientists and
technologists develop these materials and evaluate them for their properties. The
designers can, after familiarizing themselves with the benefits and drawbacks of
these new materials, decide to apply them in an existing or in a new product. Some
of the new materials find their way, through designers, into consumer goods. Some
others might remain unnoticed in scientific laboratories, and probably will never be
applied. It often takes decades before a new material is actually used in consumer
goods. During this time a process that can be termed ‘new material
commercialization process’ takes place. The efficiency and effectiveness of this
process are dependent of several factors. When new materials are introduced in the
future, knowledge about these factors can help to recognize their potentials and to
understand the process of introduction of new materials. The authors present an
inventory of these factors, based on a historic overview of the commercialization
process of the materials plastics in the first half of the 20th Century.

Ilse van Kesteren
P V Kandachar
Delft University of Technology

Plastics were found to belong to a new family of materials with a totally different set
of material properties and processing characteristics, compared to for instance, the
widely used (and still popular) material: steel. The advantages of plastics for
designers were countless, but still it took a long time before plastics were widely
accepted. Amongst others, factors such as lack of wide spread knowledge and
familiarity about the behavior of plastics delayed widespread application. For
instance, designers tended to use plastics the way they were used to design with
other materials like metals. As a consequence they were not able to recognize the
full potentials of the plastics.
Three major actors can influence the commercialization of new materials: material
technologists, industrial design engineers and consumers. They can actively
influence this process in some cases, but not in all cases. The list of influencing
factors were categorised based on whether one of the actors could influence the
process and based on which actor could influence the process. Factors include raw
materials, material properties, manufacturing, information transfer, market strategy,
economics, legislation, entrepreneurship and image.
Currently, rapid scientific advances and multi-disciplinary approaches are making it
increasingly possible to design materials for a particular application. These will also
find their way into consumer goods in the coming years. The authors have
formulated recommendations for future generations of materials based on the factors
that influenced the commercialisation of plastics. Cooperation between material
technologists and designers is considered as an important factor to influence this
process positively.
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Commercialization of new materials
in consumer goods

Abstract
New materials try to find their way into consumer goods, but not all do so with the
same speed and success as revealed by this study on the development and
application history of plastics. Three major actors can influence this
commercialization process of new materials: material technologists, industrial
design engineers and consumers. They can actively influence this process in
some cases, but not in all cases. The factors affecting the commercialization
process of plastics in the past have been analyzed to formulate
recommendations for future generations of materials. Cooperation between
material technologists and designers is considered as an important factor to
positively influence this process.
1. Introduction
During the design of consumer goods, industrial design engineers select
materials for their products. They select materials by comparing the material
characteristics they need in the product (material requirements) with the
properties of several materials. The materials that fulfil most of the requirements
are then chosen.
Scientific curiosity and serendipity coupled with an organized research
approach is resulting in a continuous discovery of new materials. Material
scientists and technologists (MT) develop these materials and evaluate them for
their properties. Industrial design engineers (IDE) can, after familiarizing
themselves with the benefits and drawbacks of new materials, decide to apply
them in a redesign of an existing product or in a totally new product. Consumers
(C) decide to buy and use these products.
New materials offer designers opportunities from new or improved technical
and aesthetical behaviour [16]. This behaviour of new materials can fit the
materials requirements of products better than the old materials, but its behaviour
can also lead to new products and functions. There are also risks in using new
materials. In the beginning, they are incompletely characterised and there is a
lack off design and manufacturing experience with these materials [16].
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Ashby and Johnson [16] give five steps involved in moving a new material into
a successful product. First, data is captured by testing the material and statistical
analysis provides charts with test data. This test data is distilled into design data
on which material selection can be based. Potential applications are developed
and at last, the new materials are used in new products. Manzini [3] makes a
distinction between the moment of invention of a new material, the moment of
first application and the moment of mass application. Above two descriptions of
how new materials find their way into consumer goods are combined into a
process that is termed as ‘new material commercialization process’. In this
process several sequential phases are distinguished, named; ‘development’,
‘introduction’ and ‘acceptance’ (figure 1).

During the development phase a new material
is invented, and can be made in a laboratory.
Material scientists and technologists evaluate the
materials for their properties and make the
material suitable for production on larger scale.
Demonstration products are produced and tested
just before the introduction phase.

At this point industrial design engineers start to
select new materials for their designed products.
During the introduction phase the first products
are available for early adaptive consumers. The
properties of materials are evaluated in the field
resulting in growing design and manufacturing
experience.

The last phase is the acceptance phase,
wherein the material is widely used in different
sorts of products.

Figure 1
Commercialization process of new materials

Practically every new material undergoes this process, although not all do
so with the same speed and success. Many new materials have been introduced
in the past and are still being used today; others never came out of laboratories.
It is assumed that material technologists and industrial design engineers are
major actors having a significant influence on the time for a material to be
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commercially applied in consumer goods. In addition, consumers and marketing
influence whether products with new materials become a commercial success.
Understanding how material technologists, industrial design engineers and
consumers influence the commercialization process can help to make the
process more efficient and effective. Therefore, this paper explores the factors
that affect the commercialization process of new materials. In addition,
recommendations are formulated for future approaches.
To predict which factors affect the commercialization process of currently
developed materials, the factors which have affected this process in the past
have been studied. For that purpose materials have been chosen that are now
widely accepted by designers and consumers. The most important new materials
of the previous century were plastics [12a]. Plastics were found to belong to a
new family of materials with a totally different set of material properties and
processing characteristics, compared to for instance the then widely used (and
still popular) material: steel. Working with plastics required a new way of thinking
by material technologists and industrial design engineers [18]. The advantages of
plastics were countless, but still it took a long time before plastics were widely
accepted.
2. Commercialization process of plastics
The first synthetic plastics were developed from the 1860s. Scientific revolution
in many fields with a stimulating atmosphere was a characteristic feature of this
period. Furthermore, in these days natural materials became scarce, causing
scientists to look at artificial alternatives. In these days, plastics were developed
as substitutes for materials like silk, natural rubber and ivory. Examples of these
early plastics are celluloid (1869) and casein (1897). Only after years, the image
of a substitute material started to disappear and plastics gained an image of their
own [19].
In the 1920s, just after World War I, two trends had a positive effect on the
commercialization process of plastics. Firstly, consumers had less money to
spend and secondly, they paid more attention to the appearance of products [7].
Plastics made it possible to combine these aspects. Plastics were highly suitable
for mass production and plastics could be moulded in almost any form. It is even
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said that plastics and the profession of Industrial Design commenced in a
symbiotic relationship [7].
In the 1920s scientists started to understand the molecular structure of
plastics; many more new plastics were invented and became available.
Most of these plastics are now widely used in consumer goods, after following the
sequence of ‘development’, ‘introduction’ and ‘acceptance’. For a few plastics the
years in which the different phases in the commercialization process started are
presented in table 1.
Table 1
Examples of 'new' materials with the year they were developed, produced, and have found
their way into consumer goods in the last century.

Development

Introduction

Acceptance

Name of plastic

Year of invention

Year in which
Year in which plastic was
production started used in consumer goods

Celluloid

1866

1871

Cellulose acetate

1869

1894

Cellophane

idea: 1900
developed:1913

Bakelite

1907

1910

PVC
Nylon
Polyethylene
Teflon
Polycarbonate

1926
1935
1938
1938
1953

1937
1940
1943/1948

1949 production ceased, only
used in table tennis balls
1927 in sheet and rod
1930 in moulded powder
1920s
1932 symposium for industrial
designers
1930s
1939
1943
1961
1970

The table shows that the time taken for the commercialization process varies
from several years for some materials (e.g. Nylon, Polyethylene) to more than 60
years for others (e.g. Cellulose Acetate).

For three plastics this process is illustrated:


Teflon (Poly-tetrafluoro-ethylene), nowadays widely used in kitchenware, was
accidentally discovered in 1938 by Roy Plunkett [12]. In 1943 pilot scale
production started and five years later the material was commercially
introduced [15c]. In World War II, Teflon was used for artillery shell fuses and
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nuclear material; after the war it was mainly used in electronics, chemical and
automotive industries [10]. Just before Christmas in 1961 the material found
its use in consumer goods, namely in non stick frying pans [15c].


Schützenberger first prepared Cellulose Acetate in 1869, but it took 30 years
before Cross and Bevan developed a manufacturing process [15a]. At this
time, still considerable development was needed to improve the
characteristics of the material. First use of Cellulose Acetate was for dope in
World War I, it was used to waterproof and stiffen fabrics of aircrafts [15a].
Later, the material was widely used in toys because it was available in many
colours and had a good gloss [15b]. Products formerly made of Cellulose
Acetate are now often made of ABS [15b].



In 1930, Dr. Wallace Hume Carothers, who was working with esters
discovered a polymer that could be drawn into fibres. After testing 100
different polymers he decided to continue with one of them in 1935: Nylon
[10]. A test production provided enough new information to start commercial
production in 1939. The nylon stockings were a great success [10].

3. Factors that affected the commercialization process
From above-mentioned commercialization process examples (section 2)
already some factors, which affected the process, can be derived: Firstly, the
material Cellulose Acetate dates back to 1869, but only in 1894 a manufacturing
process was developed and it became possible to use the material in products on
a large scale. The absence of a suitable manufacturing process had a negative
effect on the commercialization process of Cellulose Acetate. Secondly, silk
stockings were expensive and silk became scarce, resulting in a rising popularity
of nylon stockings. Scarcity of other materials and a market need both were
factors that affected the commercialization process of Nylon positively.
These and other factors derived from a historical overview are listed. For every
factor the following is examined:
 Whether the factor had a positive effect on the process; it caused the process
to continue or to speed it up, or a negative effect; it caused the process to
stop or to slow down.
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 Whether one on of the actors (MT, IDE, C) played an active role in
influencing the factor. For example, none of the actors played an active role
in governmental legislation.
 The actor who played an active role.
 Whether the factors belong to one of the following categories: material
properties, manufacturing, market strategy, economics, legislation,
information transfer, entrepreneurship and image.
Recommendations for future approaches are empirically derived from the list of
factors. These factors, leading to recommendations, can be influenced by one of
the actors and are not only applicable to the historical situation with plastics.
In the following, several examples of factors that affected the commercialization
process are given. For the complete list see table 2 (numbers in text refer to this
table). The factors are positioned in the different phases of the commercialization
process in figure 2.
Material scientists and technologists
The development of plastics often occurred empirically, in other words, with a
trial and error approach. It regularly took years before the chemical processes
were under control (factor 17) [17]. Just after World War II raw materials for
plastics became scarce and there was a delivery time of months (factor 29). In
addition, materials for the moulds were hardly available (factor 31). All these
factors had a negative effect on the development phase of the commercialization
process. As a consequence, the production of plastics was low until the 1950s
[17].
Material technologists were often optimistic about their new materials, they
optimized one or two of the properties, but other properties were neglected
(factor 3). Therefore, material performance in products was sometimes
disappointing [18].
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Active role by actor

*

**

1 Engineering department to develop applications [17]

MT

+

2 Performance properties were unknown [17]

MT

-

3 Only a few characteristics were optimized [17]

MT

-

Material properties

Manufacturing
4 Using old design rules caused bad products [18]

IDE

-

5 Machinery for working the new material [15]

MT

±

6 Symposium for engineers to explain possibilities [7]

MT

+

7 Teaching people to use materials correctly [1]

MT

+

8 Design aids like Finite Elements programs [17]

IDE

+

9 Furniture designers experimented with polyester [6]

IDE

+

MT

+

MT

+

*

**

Information transfer

10 Advertisement in magazines and fair trades [7]
Image
11 Trade names avoided low quality image [4]

Partly an active role by actor
Material properties
12 More effective than other materials [12]

MT

+

13 Stylish material [7]

MT

+

14 Plastics provided more freedom in form [10]

MT

+

15 Possibility to reduce parts [17]

MT

+

Manufacturing
16 Popular round forms could be polished mechanized [7]

MT

+

17 Control the chemical processes took a long time [17]

MT

-

18 New processes were criticized.

MT

-

Market strategy
19 Material and application had the same development [1]

MT

+

20 A problem triggered development of material [12]

IDE

+

21 Availability depended on ordering large quantities [18]

MT

-

22 It took a lot of money to do research [10].

MT

-

23 Cheaper materials were available [1]

MT

-

C

+
+
-

Economics

Image
24 Demand for domestic and industrial applications [15]
25 Organic housing revealed the technology [6]
26 Substitutes for existing materials not one on it's own [19]

No active role by actors

IDE
C

**

Raw materials
27 Monomer was cheap [15]

+

28 High costs for raw materials [12]

-

29 Long delivery time and scarcity of raw materials [17]

-

30 Popular product was made of scarce natural material [15]

+
-

31 Material for moulds was hardly available [17]
Material properties
32 Other materials performed better [1]

-

Legislation
33 Legislation was not based on material properties [18]

-

34 Long patents caused long time of high prices [18]

-

35 Monitoring quality [16]

o

Table 2
Factors that affect the commercialization process of plastics derived
from different literature sources. In
the table only one source is given,
but often the same factor is found in
more sources.

36 Most of the pioneer molders were initially toolmakers [1]

-

37 Scarcity of materials caused new substitutes [15]

+

* The actor that had a role in this
factor. MT = material technologists,
IDE = industrial design engineers, C
= consumers.

41 Plastics were seen as unreal [2]

o
-

** The effect the factor had on the
commercialisation process: A
positive (+), a negative (-) or a
neutral (o) effect.

42 Low spending power and appearing products [7]

+

Entrepreneurship

Image
38 Plastics were seen as one, instead of different types [4]
39 Nylon became the name for the product [10]
40 Consumers not always realize the material [20]
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Material technologists actively affected the commercialization process in the
introduction phase, for example:


Several workshops were organized for employees of the plastic processing
industry (not for designers!) in the 1960s (factor 6) [17].



They presented their new materials in trade journals, world exhibitions and
trade fairs (factor 10). Large plastic companies had departments to inform
engineers about their plastics (factor 7).



In the 1960s and 70s they employed engineers to develop applications for
their materials to cope with the concurrency of the conventional steel and
aluminium companies (factor 1) [18].

Industrial design engineers
Furniture designers were the first to use plastics in their design. For example
the Eames brothers experimented with polyester in the 1950s for their famous
chairs (factor 9) [6].
Industrial design engineers tended to use plastics in the way they used other
materials they were experienced with like steel (factor 4). Steel has different
properties and thus some plastic products that were initially made of steel did not
function properly, resulting in stagnation of using plastics [18]. New ways of
thinking had to be found by both material technologists and industrial designers
to benefit from the all the possibilities with plastics. Later on, many computerized
design aids for designing in plastics were developed and improved (factor 8).
Designers profited from the developments in plastics. Plastics could be
processed in almost any geometry, resulting in more form freedom for designs
(factor 14). They were also able to reduce the number of parts of the products,
simplify the parts or eliminate assemblies (factor 15) [17]. However, plastics had
a lower strength and a lesser sun resistance than for example steel.
In spite of these benefits, designers did not use new materials for which
cheaper substitutes were available (factor 23).
Consumers
The commercialization process is positively affected when consumers are
willing to buy the products made of the new material. But consumers will not
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always realize the properties of the materials that are used in a product (factor
40), they only judge the product and its functioning [20].
When plastics became available on large scale, almost everything was made
of plastics. In the early days several products were made out of plastics that
functioned worse than the original products, causing a negative effect on the
commercialization process (factor 41).
Consumers also appreciated the new material. Products with nice organic
forms made of plastics were not only seen as only functional products, but also
were valued aesthetically (for example the Singer sewing machine) (factor 25)
[6].

Development

Products made of plastics also became more affordable.

17
2 3 12
13 14 15
material
properties

22

20

Acceptance

Introduction

economics

23

market
strategy

1

18

no circle:
manufacturing

16
5

19 21
7 10
6

11

information
.
transfer

image

8

4
9

25

Material

Industrial

Technologists

design

24

26

Consumers

engineers
Figure 2
Factors that affected the commercialization process of plastics in the different phases,
divided between the three actors and the phases in the process. The numbers in this figure
correspondent to the factors in table 2.

The commercialization process was influenced in different stages by material
technologists, industrial design engineers and consumers (figure 2). It was found
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that material technologists had more actions in the first two stages, industrial
design engineers had more actions in the introduction and the acceptance stages
and consumers only influenced a few factors in the acceptance stage. However,
it cannot be concluded that material technologist were mostly responsible for the
time it took before new materials were accepted. New materials were selected for
consumer goods in the introduction phase and from this moment industrial design
engineers were able to influence the commercialization process. Industrial design
engineers were dependent in their selection on the developments of the material
technologists. Furthermore, consumers were dependent on the products that
were available. Only in some cases consumers or designers triggered the
development of new materials. For example, the chemist Brandenberger came
upon the idea for a packaging layer (Cellophane) after seeing a waiter spill wine
on a tablecloth [12].
In figure 2 the factors are grouped by category. From these examples can be
learned that factors related to material properties, economics and manufacturing
were influenced by material technologists and both in the introduction and
development phases. Market strategy was a combination of development,
introduction, material technologists and designers. The information transfer
factors affected the introduction phase and were both influenced by material
technologists and industrial design engineers. The image factors were influenced
by all three actors in the acceptance phase.
4. Recommendations for future approaches
In present days more and more new materials are developed and will be
developed. It can be expected that these new materials will follow a
commercialization process similar to that of plastics. Many factors that have
affected this process for plastics can also affect the process for new materials
today. Therefore, in table 3 and 4 recommendations for future approaches are
given. Many of the recommendations are already practiced, for example material
trade shows, magazines and workshops for engineers. Others are more a point
for concern, for example whether the raw materials are available in sufficient
quantities.
Similarities can be found in the recommendations for material technologists
and industrial design engineers. In some cases they should work together to
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positively affect the commercialization process, like finding applications for the
new material. Both also have to stimulate a good image for the material. In other
cases, material technologists have to provide for example information on material
properties and designers have to get acquainted with this information. Good
communication between these actors is important to positively affect the
commercialization process.
Table 3
Recommendations for material technologists

Category

Advice for material technologists

Raw materials

1 Make sure that raw materials are sufficiently available

Material properties

2 Make sure that the raw materials are competitive in price
3 Get to know the properties of the material
4 Try not to optimize only one property, but keep in mind all
aspects of the material
5 Find applications for the new material
6 Try to make the material competitive with other materials

Manufacturing

Information
transfer
Market strategy

Image

Detail
Not getting drained
Short delivery time
Of the material
Of the possibilities in products

Better properties
Good manufacturability
Form freedom
Good price
Unique properties

7 Make sure that there are machines available for producing
and manufacturing of the material
8 Control the chemical processes to produce the material
9 Provide design aids to use the material
10 Advertise in magazines, visit fair shows
11 Make it possible to experiment with the new material
12 Organize symposia for designers to get them acquaint with
the material
13 Make use of scarcity of raw materials, it triggers
development
14 Try to stimulate the need for new functions
15 Let the application and material grow up together
16 Focus on positive aspects
17 Connect the image of the material with the material and not
with a material group
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Table 4
Recommendations for industrial design engineers

Category
Material properties

Advice for industrial design engineers
1 Get acquinted with the properties of the material
2 Experiment with the new material
3 Find applications for the new material
4 Make use of the competitive properties of the materials

Manufacturing
Information
transfer

Market strategy

Image

Detail
Of the material
Of the possibilities in products

Better properties
Good manufacturability
Form freedom
Good price
Unique properties

5 Try not to use the new material as you were used with the
old material
6 Use design aids to use the material
7 Read the advertisements in magazines, visit fair shows
8 Attain symposia for designers to get acquainted with the
material
9 Inform material technologists about new functions that can
trigger material development
10 Let the application and material grow up together
11 Focus on positive aspects
12 Connect the image of the material with the material and not
with a material group

5. Conclusion
The analysis of the commercialization process of plastics has led to a list of
recommendations for future approaches. To shorten the time taken for new
materials to find their way into consumer goods, a good cooperation between
material technologists and industrial design engineers is desirable. This can lead
to a faster recover of development costs for material technologists, and designers
are able to select materials that are more suitable for their designs earlier. When
material technologists and designers communicate in an effective way, much
profit can be gained. Therefore, information is needed about how new materials
will perform in products during functioning and use, but also on the values that
consumers use to decide upon buying the product with the new material.
Future work from the authors is focusing on how communication between
industrial design engineers and material technologists takes place and how it can
be improved.
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